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B10 Cells Ameliorate the Progression of Lupus Nephritis by Attenuating Glomerular Endothelial Cell Injury

Introduction
Lupus nephritis (LN) is a major cause of morbidity and mortality in systemic lupus erythematosus (SLE) [1] . In recent years, despite the therapeutic approach have been improved, many patients with LN eventually progress to end-stage renal disease [2] .
The most common pathologic feature in LN is the glomerular injury accompanied by proteinuria [3] . B cells are involved in the development of LN through localized autoantibody generation, proinflammatory cytokine production, and effector leukocytes chemotaxis [4] [5] [6] [7] [8] . Recently, Wang et al proved that the CD19 + CD5 +
CD1d
high IL-10-secreting B cells (B10 cells) were negatively correlated with disease activity in patients with IgA nephropathy [9] . Furthermore, Tedder et al found that B10 cells could attenuate the LN injuries in NZB/W SLE mice [10, 11] . These immunosuppressive effects of B10 cells then provided more evidence for the pleiotropic functions of B cells in immune-mediated kidney damages. However, Teichmann et al lately announced that B10 cells could not regulate systemic autoimmunity in MRL/lpr SLE mice by lineage-specific deletion of IL-10 from B cells [12] . Thus, further investigations were needed to determine whether and how B10 play a protective role in LN.
In this study, we firstly investigated the accurate expressions of B10 cells in SLE patients with LN and found that B10 cells were negatively correlated with disease severity especially with the glomerular injury. To explore the effects and mechanisms of B10 cells on the progressions of LN, we transferred the purified B10 cells into MRL/lpr mice, and found B10 cells indeed ameliorated glomerular injures by inhibiting glomerular endothelial cell abnormal activation through depressing P38 phosphorylation.
Materials and Methods
Patients and blood samples A total of forty-six newly diagnosed SLE patients according to the American College of Rheumatology revised classification criteria for lupus [13] were recruited from Union Hospital, Tongji Medical College, Huazhong University of Science and Technology from August 2012 to May 2014. All of these patients had active SLE, which were assessed with American Systemic lupus Erythematosis Disease Activity Index (SLEDAI) [14] . Fourteen age and sex-matched healthy volunteers were included as the healthy controls. This study was conformed to the guidelines of Helsinki declaration and its amendments and got the approval of the ethics committee of Tongji Medical College, Huazhong University of Science and Technology, China. All participators were recruited after obtaining informed consent. Morning fasting blood samples were collected from all of the participants before any treatment. The blood sample was centrifuged at 2000 rpm for 15 min, the plasma was stored at -20°C for further measurements, and the cells in the blood were layered over Ficoll-Hypaque density gradient solution to isolate peripheral blood mononuclear cells (PBMCs).
Animals
Female MRL/lpr mice with spontaneous SLE aged 10 weeks were purchased from the experimental animal centre of Chinese Academy of Science (Shanghai, China). All animals were kept in the pathogen-free mouse room in the experimental animal centre (Tongji Medical College of Huazhong University of Science and Technology). The animal experiments were carried out according to the guidelines for the Care and 
Interventions and groups
The MRL/lpr mice were separated randomly into three groups and given different interventions at 12 weeks of age: (1) SLE group: mice were administered with saline (100ul per mouse, n=10); (2) B10 group: mice were injected with B10 cells (2× 10 6 in 100ul saline per mouse, n=10); and (3) Bcon group: mice were injected with non-IL-10-secreting B cells (2× 10 6 in 100ul saline per mouse, n=10). Serum was separated from blood collected via retro-orbital bleeding and the urine was gathered in the early morning once every four weeks. These specimens were stored at -80°C for the following measurements. Animals of each group were killed at 40 weeks of age, and their kidneys were removed freshly for the hematoxylin and eosin (H&E), immunohistochemistry and western blot examination. The spleens were isolated aseptically to prepare the mononuclear cell suspensions for the flow cytometry.
Isolation and adoptive transfer of B10 cells
The mononuclear cell suspensions from the spleen of 12-week-old C57BL/6 mice were prepared and harvested. Then the B10 cells were purified using Regulatory B Cell Isolation Kit (Miltenyi Biotech) from the single cell suspensions. After isolation, these B10 cells with the purities of over 85% were transferred into 12-wk-old MRL/lpr mice through the vein in tail. And the B cells that did not secret IL-10 were adoptive transferred as the control.
ELISA
The cytokines including plasma IL-10 from SLE patients and healthy volunteers, serum IL-10, IL-17, TNF-α and IFN-γ from MRL/lpr mice were examined by different ELISA kits according to the manufacturer's instructions. The sensitivity of human IL-10 ELISA kit (eBioscience) was 0.05 pg/ml, and they were 15 pg/ml, 7 pg/ml, 8 pg/ml, and 7 pg/ml for mouse IL-10, IL-17, TNF-α and IFN-γ ELISA kits (neobioscience) respectively. There was no cross-reactivity observed in detection. All samples were measured in triplicate.
The levels of anti-dsDNA autoantibody in mouse sera were also determined with the ELISA kit (ADI) following the manufacturer's protocols. The sensitivity of this ELISA kit was optimized with serum samples diluted 1:100 and there was no cross-reactivity detected. All samples were measured in triplicate.
Flow cytometry
The PBMCs from SLE patients and healthy volunteers were harvested and stained with fluorescein isothiocyanate (FITC)-labeled anti-human CD19, phycoerythrin (PE)-labeled anti-human CD1d and allophycocyanin (APC)-labeled anti-human CD5 antibodies (Biolegend). After washing, the cells were resuspended at a density of 2 × 10 6 / ml and stimulated with PMA (100 ng / ml), ionomycin (1 ug / ml) and monensin (1 ug / ml) at 37°C, 5% CO 2 of a 24-well culture plate (Corning) in RPMI 1640 medium (Gibco) supplemented with 100 U / ml penicillin, 100 ug / ml streptomycin, and 10 % fetal bovine serum (FCS, Gibco). After 5 h, the cells were fixed, permeabilized and stained intracellularly at 4°C for 30 min with PECy7-labeled anti-human IL-10 antibody (Biolegend). Meanwhile, the isotype controls were given to regulate compensation and confirm antibody specificity. Samples were acquired and analyzed with a FACSCalibur (BD Biosciences).
Biochemical assay
The urinary protein concentration at 12, 16, 20, 24, 28, 32 , and 36 weeks of age from MRL/lpr mice were tested with Bradford method using the Coomassie plus (Bradford) assay kit (Thermo). The bovine serum albumin (BSA) was used as the standard. The working range is 100-1500 ug / ml.
Histopathology
The kidneys at 40 weeks of age from MRL/lpr mice were fixed in 10 % phosphate-buffered formalin, trimmed and embedded routinely in paraffin. The 5 µm sections were cut longitudinally and stained with H&E. The severity of glomerular impairment in H&E section was scored by two independent researchers separately in a blinded manner as 0, no significant findings; 1, minimal; 2, mild; 3, moderate; or 4, severe, as previously described by Olympus bh2 microscope [15] .
Immunohistochemistry
The kidney tissue was paraffin-embedded and cut into 5 μm sections. The sections were heated by microwave in 0.01% citrate buffer (PH=9.0) and then treated with 3% H 2 O 2 for 10 min to inhibit endogenous peroxidase activity. After washing with PBS buffer three times and blocking with 3% bovine serum albumin (BSA) for 30 min, these sections were incubated with rat anti-mouse IgG, CD54 and CD106 antibodies (eBioscience) at 4 ℃ overnight and then washed with PBS buffer three times. After incubating with HRP-conjugated anti-rat antibody (Invitrogen) for 45 min, the sections were washed. Finally, the diaminobenzidine solution was added, and the sections were counterstained by hematoxylin.
Western blot
The glomeruli were isolated from MRL/lpr mice by differential sieving as previously described [16] . The total proteins from the glomeruli were extracted with total protein extraction kit (Pierce) and samples containing 50 μg proteins were separated and electrotransferred onto nitrocellulose membranes. The membranes were blocked in TBST containing 5 % skim milk and incubated with primary antibodies against mouse total (t)-P38 (1:1000, Cell Signaling Technology), phosphor (p)-P38 (1:500, Cell Signaling Technology), SOCS3 (1:1000, Cell Signaling Technology), and β-actin (1:1000, Cell Signaling Technology) at 4 °C overnight. After incubating with horseradish peroxidase-conjugated secondary antibody (1:3000, 37 °C, 2 h), the target bands were washed and developed with ECL reagent (Thermo). The results were semiquantitatively analyzed using densitometric methods.
Statistical analysis
Data were shown as the mean ± SEM. Statistical analysis was performed with 2-tailed Student's t test (two groups) or one-way ANOVA (more than two groups), and the correlation between two variables was tested by bivariate correlation analysis by SPSS11.0. P<0.05 was considered as statistically significant.
Results
Circulating B10 cells and IL-10 levels in SLE patients
The percentages of circulating CD19
high IL-10-secreting B10 cells were significantly increased in LN (p<0.01) and non-LN SLE (p<0.01) patients compared to healthy controls. Meanwhile, the levels of circulating B10 cells in LN group were lower than those in non-LN SLE patients (p<0.01, Fig. 1A and B) .
The levels of serum IL-10 were also found elevated in LN and non-LN SLE patients compared to healthy controls (all p<0.05). However, there was no significant difference in IL-10 levels between non-LN SLE and LN patients (Fig. 1C) . 
The relationship between B10 cells and the disease severities of LN patients
The clinical data of LN and non-LN SLE patients were listed in Table 1 . Compared with the non-LN SLE patients, LN patients represented significant increased levels of SLEDAI (p=0.007), white blood cell (p=0.042), creatinine (p=0.021), 24h urine protein (P<0.001), urinary albumin (p=0.001). Moreover, the numbers of red blood cell (p=0.034) in LN patients were obviously lower than those in non-LN SLE patients. There were no significant differences in age (p=0.477) and sex (p=0.868) between LN and non-LN SLE patients (Table 1) .
We performed correlation analysis for B10 percentages and disease severities of LN patients. It showed that B10 percentages Cellular Physiology and Biochemistry
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were negatively correlated with the levels of SLEDAI (R=-0.529, p=0.005), 24h urine protein (R=-0.498, p=0.010), and urinary albumin (R=-0.507, p=0.008) in LN patients. However, there was no obvious correlation between B10 cell frequencies and serum creatinine levels in LN patients (R=0.045, p=0.826, Fig. 2A-D) . In addition, there were no direct correlations between B10 cells and the levels of SLEDAI (R=-0.138, p=0.563), 24h urine protein (R=-0.151, p=0.524), urinary albumin (R=-0.345, p=0.137), and serum creatinine (R=-0.238, p=0.311) levels in non-LN SLE patients. The serum IL-10 levels were also not correlated with SLEDAI (R=-0.231, p=0.256), 24h urine protein (R=-0.356, p=0.075), urinary albumin 
B10 cells alleviated glomerular endothelial cell injuries in MRL/lpr mice
To clarify the protective roles of B10 cells in the kidney, we investigated the injuries of the glomerular endothelial cells in MRL/lpr mice from different groups. The data represented that the expressions of CD54 and CD106 on glomerular endothelial cells were all obviously declined in B10 group compared with those in SLE and Bcon groups (Fig. 4A) . Keeping in line with these alterations, the p-P38 protein levels in purified glomeruli were also significantly lower in B10 group than those in SLE and Bcon groups, but the SCOS3 levels in glomeruli showed the opposite changes (p<0.05, Fig. 4B and C) . All of these measurements displayed no significant differences between SLE and Bcon groups. high IL-10-secreting B10 cell expressions in newly diagnosed SLE patients before any treatment, and found that B10 cells were indeed increased significantly in these patients. At the same time, the percentages of B10 cells in patients with LN were obviously lower than those in non-LN SLE patients. Moreover, these cells were negatively correlated with the severity of LN including the increased levels of SLEDAI, 24h urine protein, and urinary albumin. Howie et al considered that creatinine was an indirect measure of renal function and an unnecessary predictor of long-term renal outcome in LN [19, 20] . Herein, we also proved that there was no significant correlation between the levels of B10 cells and creatinine in LN patients. By using adoptive transfer, B10 cells were also observed to improve the damages of the disease, especially the renal injuries in MRL/lpr mice with spontaneous SLE. These clinical and experimental findings indicated that B10 cells possessed a protective role in active SLE especially LN, and the kidney might be the preferential target tissue for these cells in this disease.
Glomerular endothelial cell (GEC) activation followed by functional disorders is the main reason for the glomerular damage of LN [21, 22] . It has been reported that the expression of the adhesion molecules CD54 and CD106 by endothelial cells enhanced obviously in LN, both of which were up-regulated by P38 phosphorylation and down-regulated by the suppressor of cytokine secretion 3 (SOCS3) signal pathways respectively, accelerating GEC activation and injuries through attracting proinflammatory cells infiltration [23] [24] [25] [26] . In this experiment, the glomerular damages were alleviated markedly in LN mice after being transferred with B10 cells, together with the decreased expressions of CD54 and CD106 on GEC, the elevated expression of SCOS3 and the depressed P38 phosphorylation in glomeruli. This suggested that B10 cells could attenuate GEC activation by inhibiting CD54 and CD106 expressions, ameliorating the progression of LN.
As the inflammatory cytokines and the autoantibody against DNA have been shown to be capable of directly inducing CD54 and CD106 expressions [27, 28] , we have ever speculated that B10 cells might reduce the production of those two adhesion molecules by secreting anti-inflammatory cytokine IL-10, which was based on several studies taking IL-10 as the primary effector molecule of B10 cells. Unexpectedly, in B10 cells transferred LN mice, although the circulating TNF-α and IFN-γ levels were decreased, accompanied by the decline of anti-dsDNA autoantibodies, the serum IL-10 levels were not changed with the increase of B10 cells. These data implied that B10 cells could restrain CD54/CD106-mediated GEC injuries by suppressing the TNF-α, IFN-γ and the pathogenic autoantibodies production. IL-10 secreting from B cell might not regulate the autoimmunity in MRL/lpr SLE mice. Thus, we considered that IL-10 might be a marker but not the main effect molecule for B10 cells, and the other mechanisms of B10 cell repressing the TNF-α, IFN-γ and the pathogenic autoantibodies production needed our further exploration. In this study, although we proved that B10 cells could inhibit glomerular endothelial cell activation in vivo, the experiments of B10 and glomerular endothelial cell co-culture should be developed in vitro. After trying many times, we found that the primary glomerular endothelial cell could be viable for 48 hours if co-cultured with B cells. The acquisition of the glomerular endothelial cell line might achieve this. Additionally, the biology of B10 cells locally infiltrated into the kidney also needed further exploration.
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